In the behavior systems view, a long CS-US interval should differentially condition a general search mode and related behavior, while a short CS-US interval should differentially condition a focal search mode and related behavior. Two experiments paired a long or a short CS with food, and then, during an extinction test, compounded the CS with an unconditioned probe-stimulus of a rolling ball-bearing. Presuming that the long CS differentially conditions a general search mode, and that unconditioned contact of a moving stimulus is characteristic of that mode, presentation of the long CS should facilitate interaction with the ball-bearing. Similarly, presuming that a short CS differentially conditions a focal search mode, and that feeder-directed responses are characteristic of this mode, presentation of a short CS should facilitate nosing in the food-tray. Consistent with these predictions, ball-bearing contact increased in rats receiving the long CS, while nosing in the food-tray was higher with the short CS.
increasing the interval between the CS and the US is assumed to weaken the association between the two stimuli.
However, a number of experiments that measured less typical CRs have shown the existence of robust conditioning at longer CS-US intervals (e.g., Akins, Domjan, & Gutierrez, 1994; Davey & Cleland, 1982; Davey, Oakley, & Cleland, 1981; Timberlake, Wahl, & King, 1982) . For example, although VanDercar and Schneiderman (1972) observed no nictitating membrane conditioning at a 6.75-s CS-US interval, they did observe reliable heart-rate conditioning. Holland (1980) showed that short-duration (1, 5, and 10 s) auditory CSs evoked high frequencies of startle and head-jerk responses in rats, while long-duration (30 and 60 s) auditory CSs produced intermittent checking of the feeder.
These more complex results raise critical conceptual and pragmatic questions such as what is the basis for these different CRs and which response should be measured as a test for conditioning? Although traditional conditioning theory provides little guidance, several state theories provide potential answers to these questions. Konorski (1967) put forward a model of Pavlovian learning related to the influence of different motivational states as a function of the CS-US interval. According to Konorski, a preparatory state should support the conditioning of relatively diffuse excitatory responses at long CS-US intervals, while a consummatory state supports precise, stereotyped responses at short CS-US intervals.
The more recent behavior systems framework (Timberlake & Lucas, 1989 ) expanded Konorski's distinctions by using an ethological approach relating the form of the CR to an underlying search state that varied with the CS-US interval and the type of CS (Timberlake, 1994; Timberlake & Silva, 1995) . In the case of feeding, behavior is presumably determined by the relative strength of three search modes (general search, focal search, and handling/consuming). Each mode is composed of specific stimulus sensitivities and a related repertoire of responses. The relative contribution of each mode depends on the nature of the CS and its proximity to the US.
For example, near the beginning of a typical sequence of cricket predation by rats, the rat is presumed to be in a general search mode characterized by attention to general locations and specific small moving cues that potentially relate to food (e.g., attention toward, approach, and initial contact of moving stimuli of a particular size). When predictors of imminent food are encountered, the focal search mode dominates and the rat directs its attention toward objects and specific locations that signal immediate procurement of food (e.g., the capturing and subduing of the cricket). If food arrives, the focal search mode gives way to a handling/consuming mode in which responses are related to ingesting the food item (e.g., the cricket is dismembered and ingested). Following ingestion, the animal enters a post-food search mode related to search for further food items around the food site, and in the absence of further food items or satiation, returns to a predominance of general search.
In the laboratory, a similar string of predominant modes and accompanying responses can be evoked by pairing the CS of a rolling ball-bearing (a relatively small moving cue) with food (Timberlake et al., 1982; Timberlake & Washburne, 1989) . Initial approach to and contact of the ball-bearing is assumed to be more characteristic of a general than a focal search mode. Subsequent manipulation of the ball-bearing and sustained nosing in the food-tray are more characteristic of a focal search mode. Most handling/consuming responses are reserved for the delivery of food.
The extent to which a well-trained CS (like the ball-bearing) evokes a particular search mode should depend on, among other things, the CS's temporal and spatial proximity to food. Thus, a short CS proximate to food should come to evoke a focal search mode and appropriate responses, whereas a long CS more distant from food should come to evoke a more general search mode and related responses. In support of these assumptions, Timberlake et al. (1982) showed that changing the CS-US interval between a rolling ballbearing and the delivery of food produced markedly different CRs. When the CS-US interval was 2.6 s, rats responded to the ball-bearing CS by burying their heads in the food-tray, a focal search response appropriate to the apparatus. When the CS-US interval was 7.6 s, rats showed more general search behavior, such as attending, chasing, and contacting it.
In a more recent paper, Akins et al. (1994) also showed differences in the form of the conditioning of sexual behavior in male quail as a function of the CS-US interval. During a light-CS predicting a female-US 30 s later, male subjects approached and remained at the location where the female would appear-focal search behavior appropriate to mating. However, when the CS-US interval was 1200 s, behavior to the CS consisted of increased general locomotor activity-general search behavior appropriate to searching for a female in the general area.
The purpose of the present experiments was to explore further the conditioning of search modes in rats during long and short CS-US intervals. We hypothesized that a long CS would better condition a general search mode, and a short CS would more strongly condition a focal search mode. The conditioning of a focal search mode is easily indexed by vigorous nosing in the food-tray, an investigative response related to imminent food. Thus, in the present experiment we expected the short CS to produce more nosing in the food-tray than the long CS. Examining the conditioning of a general search mode requires a different measure because a lower level of nosing in the food-tray indicates only a weaker level of the focal search mode. To test more directly for the presence of a conditioned general search mode, we adopted the strategy of using a rolling ball-bearing as an unconditioned probe stimulus. Timberlake et al. (1982, Experiment 1) provided evidence that in rats, repeated presentation of a rolling ball-bearing alone produced reliable levels of unconditioned behavior related to the general search. The resultant behaviors included attention to the moving ball-bearing at a distance, followed by approach and contact.
EXPERIMENT 1
The purpose of Experiment 1 was to explore the nature and relative strength of search modes conditioned by long and short CS-US intervals. In Phase 1, two groups of rats were exposed to a Pavlovian conditioning procedure in which Group Short received a 2-s tone immediately followed by food and Group Long received an 18-s tone immediately followed by food. In Phase 2, subjects received six sessions in which the ball-bearing was presented alone. This phase provided a stable baseline of unconditioned ball-bearing contact against which to evaluate the effects of presenting the long or short CS during subsequent Phase 3 test trials. Similarly, this phase extinguished contextual control of responding to the food-tray so that any differences in responding between the groups during Phase 3 could be attributed to previous conditioning of the CS.
In Phase 3, each animal received two types of test trials: CS-ball-bearing trials consisted of the tone followed by the ball-bearing and ball-bearingalone trials consisted of the ball-bearing presented alone. The trials were randomly presented over two test sessions and no food was given. An increase in contact of the ball-bearing above its Phase 2 unconditioned baseline level was assumed to reflect the presence of a general search mode evoked by the CS. Similarly, nosing in the food-tray was assumed to measure the degree to which the CS evoked a focal search mode. In this phase, we expected the short CS to produce more nosing in the food-tray (a focal search response) than the long CS. In contrast, we expected the long CS to produce more ball-bearing contact (a general search response) than the short CS. Most importantly, we expected the long CS to facilitate ball-bearing contact above the unconditioned ball-bearing baseline obtained in Phase 2.
Finally, the random presentation of CS-ball-bearing trials and ball-bearing-alone test trials in Phase 3 was expected to provide preliminary information about the temporal characteristics of the general and focal search modes. A characteristic of focal search modes is their relatively tight temporal control by the presentation of the CS. However, the little evidence that concerns the conditioning of general search modes suggests they are more likely to persist once initiated. For example, Lovibond (1983) showed that behavior elicited by a long CS persists after the offset of the CS, and Vargo and Hirsch (1982) , working with flies, found it necessary to ''turn off'' a conditioned general excitatory state by presenting an unpalatable US. To the extent that the general search mode persists in the present experiment, we might expect little difference between ball-bearing contact on CS-ball-bearing trials and ball-bearingalone trials for Group Long.
Method
Animals. Sixteen naive female Sprague-Dawley albino rats, approximately 90 days old at the start of the experiment, were maintained at 85% of their free-feeding weights throughout the experiment. When not in an experimental session, the rats were housed in individual home cages in a colony room. The rats diet consisted of commercially available rat chow, and water was available at all times in their home cages.
Apparatus. Four experimental chambers were arranged in a 2 1 2 matrix, and the programming and recording equipment were located in separate rooms. Each chamber was a rectangular sheet-metal box 60 1 30 1 30 cm with a Plexiglas top and front. Operation of a modified BRS feeder dispensed 1.6-cm ball-bearings through a hole into a channel that ran the length of the apparatus into an exit hole. The channel and the floor of the apparatus were slanted approximately 6Њ down from the entrance hole to the exit hole, and the floor was also slanted toward the channel so that a ball-bearing dropped anywhere in the chamber would reenter the channel and roll out. The ballbearing rolled on two steel rods at the bottom of the channel. The channel and the entrance and exit holes were located 8.8 cm from the front wall. Once dispensed, a ball-bearing took approximately 2 s to enter the chamber and 4 s to roll through it, if undisturbed.
The food receptacle was 2.0 1 5.0 1 1.8 cm deep and located on a side wall 12 cm toward the back of the chamber. A Waltke feeder (Waltke Scientific Enterprises, Psychology Department, Indiana University) delivered two 45-mg Bioserve pellets into the food-tray. A photobeam projected across the entrance of the food-tray and a 11.0 1 10.0-cm platform was located on the floor in front of the food-tray. A 2000 Hz 82 dB tone (the CS) was presented through a 2-cm diameter speaker located 2.5 cm from the front wall and 7.0 cm above the ball-bearing exit hole. An 11-cm diameter fan located 30 cm behind the food-tray wall provided air circulation and a masking noise.
The experimental room also contained a video camera directed toward the experimental chambers. The video camera was connected to a Panasonic VCR that recorded experimental sessions. Data-logging, control equipment, and the VCR were located in an adjacent room.
Procedure. An experimental session was conducted once per day at the same time, 6 days per week. The experimental procedure consisted of seven conditions: (a) chamber adaptation, (b) ball-bearing preexposure, (c) CS preexposure, (d) feeder training, (e) conditioning (Phase 1), (f) ball-bearing baseline (Phase 2), and (g) extinction test (Phase 3).
During chamber adaptation the rats were exposed to two 10-min sessions in which they were placed in the chamber. No food or ball-bearings were presented. The rats were then exposed to four sessions of ball-bearing preexposure in which 12 ball-bearings were presented each session on a variable-time (VT) 90-s schedule. Food was never presented during this phase. Based on their mean percent trials with a ball-bearing contact on the last 2 days of ball-bearing preexposure, the rats were divided into two matched groups of 8 rats (Group Short and Group Long). Each group was subsequently reduced to 7 rats because one rat in each group did not contact any ball-bearings in the preexposure. If a rat was interacting with a ball-bearing 45 s after its presentation, the experimenter gently pushed the ball-bearing from the rats paws with a long narrow piece of wood (40.0 1 2.0 1 0.50 cm) so the ball-bearing would roll out of the chamber before the next ball-bearing presentation.
To eliminate any defensive reactions to the tone, rats were given two sessions of CS preexposure in which the tone that would serve as the CS in the conditioning phase was presented on a VT 90-s schedule. Group Short received 12 presentations of a 2-s tone and Group Long received 12 presentations of an 18-s tone. Following CS preexposure, the rats were feeder trained. Five pellets were placed on the platform in front of the food-tray at the beginning of a session, after which a rat had to be off the platform in front of the food-tray for approximately 45 s to receive food. A session terminated after 12 food presentations or 30 min, whichever occurred first. A rat was considered trained when it received 12 food presentations within a 30 min session for 2 consecutive days.
The rats then received 22 sessions of conditioning (Phase 1) in which they received 12 CS-US pairings per day. Group Short received a 2-s tone followed immediately by food. Group Long received an 18-s tone followed immediately by food. The interfood interval averaged 90 s, with a range of 60 s to 120 s. To provide a stable baseline and to evaluate whether the groups' level of ball-bearing contact differed as a result of conditioning to the tone, all rats were exposed to six sessions of an unconditioned ball-bearing baseline in which 12 ball-bearings were presented on a VT 90-s schedule (Phase 2). The procedure was the same as that during the ball-bearing preexposure phase.
During the next two sessions (Phase 3) both groups received a test in which rats were tested for their level of ball-bearing contact when the ball-bearing was presented alone (ball-bearing-alone trials) and when it was presented with the CS used during conditioning (CS-ball-bearing trials). There were six trials per session in which the ball-bearing was presented alone and six trials in which the CS was presented for 6 s, of which the last 4 s overlapped with the ball-bearing presentation. These trials were pseudorandomly presented and separated by approximately 90 s. Food was never presented during the test. Each session terminated following the 13th intertrial interval during all phases.
Dependent measures. The dependent measures included (a) the duration of nosing in the food-tray during the CS and intertrial interval (ITI), the first 4 s of ball-bearing-alone presentations, and the first 4 s of the CS-ballbearing presentations (i.e., not including the first 2 s of the tone presentation), and (b) the percentage of trials with a ball-bearing contact (defined as touching the ball-bearing with the nose, mouth, or paw within 4 s of the ball-bearing entering the chamber). Interobserver reliability was calculated on all trials with a ball-bearing presentation, and a reliability of 90% was obtained. Figure 1 shows that Group Short spent more time nosing in the food-tray than Group Long during the CS in the conditioning phase, and both groups . In sum, both groups showed stable levels of ball-bearing contact, and the groups did not differ in levels of ballbearing contact prior to the test phase.
Results and Discussion
The bottom graph of Fig. 2 shows the duration of nosing in the food-tray during the last 2 days of conditioning and each day of the Phase 2 ballbearing baseline. Data collected during the CS and ITI are shown from the conditioning phase, and data collected during ball-bearing presentations and ITI are shown from the baseline phase for each group. The mean duration of nosing in the food-tray during the CS and ITI each averaged over the last 2 days of conditioning was compared for Groups Long and Short. Both Group Short [t(6) Å 5.32, p õ .05] and Group Long [t(6) Å 3.01, p õ .05] spent more time nosing in the food-tray during CS presentations than during the ITI. The groups did not differ in the duration of nosing in the food-tray during the ITI [t(6) õ 1]. During the baseline, the groups did not differ in the mean duration spent nosing in the food-tray during ball-bearing presentations [F(1,12) The mean duration of nosing in the food-tray during the CS averaged over the last 2 days of Phase 1 conditioning was compared with nosing in the food-tray during ball-bearing presentations during each day of the Phase 2 baseline. Group Long [t(6) ú 2.64, p õ .05] and Group short [t(6) ú 4.53, p õ .05] nosed in the food-tray less during each day of baseline than during the last 2 days of conditioning. The mean duration of nosing in the food-tray during the ITI averaged over the last 2 days of conditioning was also compared with nosing in the food-tray during the ITI during each day of baseline. Group Long spent less time nosing in the food-tray during each day of baseline than during conditioning [t(6) ú 2.21, p õ .05]. Group Short spent less time nosing in the food-tray during each day of baseline [t(6) ú 2.21, p õ .05], except for Day 2 [t(6) Å .22, p ú .05], than during the last 2 days of conditioning. Overall, both groups showed low, stable levels of responding, and the groups did not differ prior to the test phase. Figure 3 shows the results of the Phase 3 test trials on ball-bearing contact and nosing in the food-tray. The top graph shows the mean percentage of trials with a ball-bearing contact in the test phase. Each percentage was calculated by subtracting each rat's score during the last 2-day block (i.e., the average of the last two days) of baseline from its test score. The test data are represented in a 2-day block since responding was similar on both days. The difference scores were computed to isolate the change in contact scores from the individual differences in baseline contact frequency. A negative difference denotes a decrease in the percentage of trials with a ball-bearing contact from baseline to test; a positive difference denotes an increase in the percentage of trials with a ball-bearing contact from baseline to test.
The results showed that Group Long contacted more ball-bearings than Group Short and there was no difference between CS-ball-bearing trials and ball-bearing-alone trials for either group. An ANOVA used to examine the influence of group-type (Group Long vs Group Short) and type of ball-bearing trial (CS-ball-bearing vs ball-bearing-alone) on the change in the percentage of trials with a ball-bearing contact confirmed a significant main effect of group [F(1,12 Correlated samples t-tests were conducted to determine whether the levels of ball-bearing contact by groups Long and Short during the test were signifi-
FIG. 3.
The top graph shows the difference between the mean percentage of trials with a ball-bearing contact during the last 2-day block of ball-bearing baseline and the mean percentage of trials with a ball-bearing contact during the 2-day block of test. The differences were obtained by subtracting each rat's mean of the last 2-day block of ball-bearing baseline from its test score. The test data are averaged in a 2-day block since responding was similar on both days. A negative difference denotes that the mean percentage of trials with a ball-bearing contact during test was lower than the mean percentage of trials with a ball-bearing contact during ball-bearing baseline, a positive difference denotes that the mean percentage of trials with a ball-bearing contact during test was higher than the mean percentage of trials with a ball-bearing contact during ball-bearing baseline, and a difference of zero denotes that the mean percentage of trials with a ball-bearing contact during test and during ball-bearing baseline were the same. The difference in mean percentage of trials with a ball-bearing contact during CS-ball-bearing trials (CS-BB) cantly different from their respective levels during the last 2-day block of the Phase 2 ball-bearing baseline (i.e., if their difference scores were different from zero). Group Long contacted more ball-bearings during CS-ball-bearing trials [t(6) Å 2.95, p õ .05] and ball-bearing-alone trials [t(6) Å 3.33, p õ .05] in the test than during the last 2-day block of the ball-bearing baseline. The decreases shown by Group Short were not significant.
The bottom graph of Fig. 3 shows the difference in the mean duration of nosing in the food-tray during the Phase 3 test calculated in the same way as in the case of ball-bearing contacts. Group Short spent more time nosing in the food-tray than Group Long during CS-ball-bearing trials, and they also spent more time nosing in the food-tray during CS-ball-bearing trials than ball-bearing-alone trials. An ANOVA that examined the influence of group-type (Group Long vs Group Short) and type of ball-bearing trial (CSball-bearing vs ball-bearing-alone) on the level of nosing in the food-tray showed a main effect of group-type [F(1,12 and spent more time nosing in the food-tray during CS-ball-bearing trials than ball-bearing-alone trials (p õ .01). The difference scores (data not shown) for nosing in the food-tray during the ITI were also calculated for Groups Long and Short. The difference score was 0.06 s for Group Long and 0.09 s for Group Short. An independent-samples t-test revealed no differences between the groups [t(6) õ 1].
Correlated samples t-tests were conducted to determine whether the levels of nosing in the food-tray by groups Long and Short during the test were significantly different from their respective levels during ball-bearing presentations of the last 2-day block of Phase 2 ball-bearing baseline (i.e., if their difference scores were different from zero). For Group Long, the amount of time spent nosing in the food-tray during CS-ball-bearing trials [t(6) Å 1.21, p ú .10] and ball-bearing-alone trials [t(6) Å 1.25, p ú .10] in test did not differ from that during the last 2-day block of ball-bearing baseline. In contrast, Group Short subjects spent more time nosing in the food-tray during CS-ball-bearing trials [t(6) Å 4.35, p õ .01] in test than during the last 2-is indicated by a black bar and the difference in mean percentage of trials with a ball-bearing contact during ball-bearing-alone trials (BB-ALONE) is indicated by a hatched bar. The bottom graph shows the difference between the mean duration-of-nosing-in-food-tray during the last 2-day block of ball-bearing baseline and the mean duration-of-nosing-in-food-tray during the 2-day block of test. The difference in mean duration-of-nosing-in-food-tray during CS-ball-bearing trials (CS-BB) is indicated by a black bar and the difference in mean duration-of-nosing-in-foodtray during ball-bearing-alone trials (BB-ALONE) is indicated by a hatched bar. Errors bar indicate the standard errors of the mean. day block of ball-bearing baseline. The levels of nosing in the food-tray during ball-bearing-alone trials in test and the last 2-day block of ball-bearing baseline did not differ [t(6) Å 1.23, p ú .10].
In sum, Group Short spent more time than Group Long nosing in the foodtray during the CS in the Phase 1 conditioning trials and during Phase 3 test trials on which the CS was presented. On ball-bearing-alone test trials, nosing in the food-tray by Group Short did not differ from their baseline nor from nosing by Group Long. In contrast, Group Long contacted the ball-bearings more frequently during test trials on which the CS was presented than they did in baseline and than did Group Short during test. Group Long also contacted the ball-bearing more frequently during the ball-bearing-alone trials than they did during baseline and than did Group Short during test. Taken together these results support the view that a longer-duration CS differentially conditioned a general search mode, while a short-duration CS differentially conditioned a focal search state. Further, the more general search state, once evoked, appeared to persist and influence ball-bearing contact on the CSball-bearing and ball-bearing-alone trials. No such persistence occurred for the focal search response of Group Short. Nosing in the food-tray increased only when a CS was presented.
EXPERIMENT 2
The purpose of Experiment 2 was to test the reliability of the results of Experiment 1 while exploring some of the parameters and procedures producing the effects. One major change intended to improve the chances of rats showing a change in ball-bearing contacts during the test condition was the elimination from the subject pool of those rats that failed to contact the ballbearing at all in a preliminary ball-bearing preexposure condition as well as those that contacted the ball-bearing on nearly every trial (contacts ú70%). The remaining rats were matched across groups in terms of preliminary ballbearing contact. We also used a slightly longer CS Short (4 s rather than 2 s) and a slightly shorter CS Long (16 s rather than 18 s) than in Experiment 1. Based on other data, the 4-s CS Short should still be in the range for primarily conditioning a focal search mode and the 16-s CS should be in the range for conditioning a general search mode (Timberlake & Lucas, 1989) .
The same predictions were made as in Experiment 1. During conditioning in Phase 1, Group Short should show more nosing in the food-tray than Group Long. During the test in Phase 3, Group Long should increase ball-bearing contact above its Phase 2 baseline and show higher levels of contact than Group Short. Group Short should increase nosing in the food-tray over its Phase 2 baseline and show higher levels of nosing than Group Long.
Method
All elements of the procedure were the same as in Experiment 1, except that Group Short received a 4-s tone and Group Long received a 16-s tone. Also, 24 naive rats served as subjects during the chamber adaptation and the ball-bearing preexposure phases, but only 16 served as subjects in subsequent phases (i.e., conditioning, ball-bearing baseline, and test) if they met a criterion of ball-bearing contact. Specifically, in an attempt to decrease slightly the individual variability in levels of ball-bearing contact, a rat served as a subject only if its mean percentage of trials with a ball-bearing contact on the last three days of ball-bearing preexposure was between 9% and 70%, and it contacted at least one ball-bearing on the last day of ball-bearing preexposure. Based on their mean percentage of trials with a ball-bearing contact on the last 3 days of ball-bearing preexposure, the rats were divided into two matched groups of 8 rats. All rats reached criteria in two sessions during feeder training. Figure 4 shows that Group Short spent more time nosing in the foodtray than Group Long during the CS in Phase 1 conditioning, and both groups showed an increase in nosing in the food-tray as training progressed. An ANOVA revealed a main effect of group [F(1,14 Tukey's HSD revealed that subjects showed an increase in ballbearing contact from block 1 to block 2, but showed no change over the rest of the baseline.
Results and Discussion
The bottom graph of Fig. 5 shows the duration of nosing in the food-tray during the last 2 days of conditioning and each day of the Phase 2 ballbearing baseline. Data collected during the CS and ITI are shown from the conditioning phase, and data collected during ball-bearing presentations and ITI are shown from the baseline phase for each group. The mean duration of nosing in the food-tray during the CS and ITI each averaged over the last 2 days of conditioning for Groups Long and Short showed that Group Short [t(7) Å 10.36, p õ .01] and Group Long [t(7) Å 3.72, p õ .01] nosed in the food-tray more during CS presentations than during the ITI. Furthermore, the groups did not differ in the amount of time spent nosing in the food-tray during the ITI [t(7) õ 1]. During the baseline, the groups did not differ in the mean duration of nosing in the food-tray during ball-bearing presentations [F(1,14) õ 1], but they did show a decrease in nosing over days [F(5,70 The mean duration of nosing in the food-tray during the CS averaged over the last two days of conditioning was compared with nosing in the food-tray during ball-bearing presentations during each day of baseline. The results showed that Group Long nosed in the food-tray less during each day of Phase 2 baseline [t(7) ú 2.12, p õ .05], except for Day 2 [t(7) Å 1.84, p ú .05], than during conditioning. Group Short nosed in the food-tray less during each day of baseline than during conditioning [t(7) ú 12.57, p õ .05]. A comparison of the mean duration of nosing in the food-tray during the ITI averaged over the last 2 days of conditioning with nosing in the food-tray during the ITI during each day of baseline showed that Group Long [t(7) ú 2.19, p õ .05] and Group Short [t(7) ú 2.31, p õ .05] nosed in the food-tray less during each day of baseline than during conditioning. As in Experiment 1, both groups showed stable and statistically identical levels of nosing in the foodtray and ball-bearing contact just prior to test. Figure 6 shows the results of the Phase 3 test trials on ball-bearing contact and nosing in the food-tray. The top graph of Fig. 6 shows the differences in mean percentage of trials with a ball-bearing contact in the test phase calculated by subtracting each rat's score during last 2-day block of the Phase 2 baseline from its test score. Similar to Experiment 1, the results showed that Group Long contacted more ball-bearings than Group Short and there was no difference between CS-ball-bearing trials and ball-bearing-alone trials for either group. An ANOVA confirmed a significant main effect of group [F(1,14) Å 7.38, p õ .05], no main effect of type of ball-bearing trial [F(1,14) õ 1 ], and no interaction between group-type and type of ball- bearing trial [F(1,14) Å 2.23, p ú .10]. It appears from Fig. 6 that Group Long subjects contacted more ball-bearings during CS-ball-bearing than ballbearing-alone trials. However, correlated-samples t-tests and various nonparametric analyses failed to reveal a significant difference.
Correlated samples t-tests also were conducted to determine whether the levels of ball-bearing contact by Group Long and Group Short during test were significantly different from their respective levels during the last 2-day block of their Phase 2 baseline. As in Experiment 1, Group Long subjects contacted more ball-bearings during CS-ball-bearing trials [t(7) Å 8.50, p õ .01] in the test than during the last 2-day block of ball-bearing baseline. However, unlike Experiment 1, these subjects did not contact more ballbearings during ball-bearing-alone trials than during baseline [t(7) õ 1]. The decreases shown by Group Short were not significant.
The bottom graph of Fig. 6 shows the duration of nosing in the food-tray during the test phase calculated in the same way as in the case of ball-bearing contacts. An ANOVA showed a main effect of group-type [F (1,14) , and both groups spent more time nosing in the food-tray during CS-ballbearing trials than ball-bearing-alone trials (p õ .01). The difference scores (data not shown) for nosing in the food-tray during the ITI were also calculated for groups Long and Short. The difference score was .01 for Group Long and .004 for Group Short. An independent-samples t-test revealed that the groups did not differ [t(7) õ 1].
Correlated samples t-tests were conducted to determine whether the levels of nosing in the food-tray by Groups Long and Short during test were significantly different from their respective levels during the last 2-day block of ball-bearing baseline (i.e., if their difference scores were different from zero). Group Long did not differ in time spent nosing in the food-tray between the Phase 2 baseline and test for either CS-ball-bearing trials [t(7) Å 1.06, p ú .10] or ball-bearingalone trials [t(7) Å 1.45, p ú .10]. In partial contrast, Group Short subjects spent more time nosing in the food-tray during CS-ball-bearing trials [t(7) Å 7.27, p õ .05] in test than during the last 2-day block of ball-bearing baseline, but did not differ during ball-bearing-alone trials [t(7) õ 1].
In brief, the results replicated those obtained in Experiment 1 with two slight differences. First, comparison of Figs. 2 and 5 shows that during Phase 2 ball-bearing baseline, subjects in Experiment 2 contacted more ball-bearings than subjects in Experiment 1. This difference probably arose because the rats in Experiment 2 had to meet a minimum criterion for ball-bearing contact during preexposure in order to serve as a subject. This criterion resulted in eight very low responders being removed from Experiment 2, while the absence of this criterion in Experiment 1 allowed two low responders in each group to remain in the experiment. Second, comparison of Figs. 3 and 6 shows that during the Phase 3 test of Experiment 1, Group Long contacted more ball-bearings than in baseline during both the CS-ball-bearing trials and the ball-bearing-alone trials. In partial contrast, in Experiment 2 the rats exceeded their baseline ball-bearing contacts only during the CS-ball-bearing trials, and not during the ball-bearing-alone trials.
GENERAL DISCUSSION
The results from the CS-US pairing phase of both experiments showed that both Groups Short and Long significantly increased time nosing in the food-tray during the CS across conditioning sessions. This increase was smaller for Group Long than Group Short, but in both cases nosing occurred significantly more during the CS than the ITI. The results from Phase 2, the 6 sessions of ball-bearing baseline, showed rapid extinction of nosing in the food-tray and stable contact of the rolling ball-bearing across sessions with no difference between the groups. During the subsequent Phase 3 extinction test, in which the ball-bearing was used as an unconditioned probe for a conditioned general search mode produced by presentation of the long CS, Group Long contacted the ball-bearing more frequently than did Group Short, while the latter spent more time nosing in the food-tray.
Most importantly, in the Phase 3 test trials Group Long increased ballbearing contact above its Phase 2 baseline level in the absence of any change in procedure from Phase 2 except the intermittent presentation of the CS on half the trials 2 s before the ball-bearing was released. As we will discuss further, this increase could not be attributed to absent or weak conditioning, the lack of a stable ball-bearing baseline, additional presentations of the US, nor to secondary reinforcing qualities of the CS. They are compatible with the differential conditioning of a general excitatory search mode to the long CS.
However, the results show an atypical ambiguity of CS-control of ballbearing contact during Phase 3. Although nosing in the food-tray during Phase 3 was significantly higher during the CS-ball-bearing trials than the ballbearing-alone trials for Group Short in both experiments and Group Long in Experiment 2, there was no similar significant difference for ball-bearing contact of Group Long. In traditional learning studies the absence of a difference in responding on CS and non-CS trials is typically interpreted as the absence of conditioned control of the response by the CS. However, we will suggest in the next section that these results are compatible with control by a conditioned general search mode that is evoked by the long CS.
Motivational State-Based Explanations
The present results are consistent with the behavior systems hypothesis that general and focal search modes are differentially conditioned by long and short CSs predicting food, respectively. This argument is based on the behavior systems assumption that appetitive behavior is preorganized into strings of behavior reflecting the sequence of a general search mode, a focal search mode, and a handling/consuming mode. Each mode establishes a repertoire of stimulus sensitivities and response components related to feeding. In the case of general search, the repertoire relates to attention to general locations and specific small moving cues that potentially relate to food. In focal search, the repertoire relates to a specific time and location of imminent food. For the handling/consuming mode, the repertoire relates to ingesting the target item. According to the behavior systems approach, these search modes are conditioned to particular CSs based on their physical and temporal proximity to food. For example, other things equal, a long duration CS should differentially condition a general search mode with appropriate stimulus sensitivities and search behaviors, while a short CS should differentially condition a focal search mode, with appropriate stimulus sensitivities and focused responses.
Such a prediction also can be related to Konorski's (1967) distinction between preparatory (hunger) states and consummatory states (see Timberlake & Silva, 1995, for a discussion of the similarities and differences between the behavior system's and Konorski's views of Pavlovian conditioning). According to Konorski, long CS-US intervals come to control diffuse preparatory CRs, while short CS-US intervals come to control more precise consummatory CRs. Although the preparatory-consummatory distinction provides some guidelines for predicting and understanding the form of conditioned responding, specific predictions of the form of the CR are difficult. In contrast, the behavior systems approach allows more precise prediction of response form based on knowledge of specific ecologically based strings of stimulus sensitivities and associated response components and inferred sequences of general and focal search modes.
In the present work, the evidence that a strong focal search mode was conditioned by the short duration CS in Phase 1 of the present experiments consisted of the acquisition of nosing in the food-tray during initial training and its heightened expression when the CS preceded the ball-bearing during CS-ball-bearing test trials. That similar though weaker effects on nosing in the food-tray were shown by Group Long suggests a weaker conditioning of the focal search mode by that group.
The evidence that the long CS conditioned a relatively stronger general search mode consisted of: (a) Group Long contacting the ball-bearings in the Phase 3 test trials more than Group Short, and (b) Group Long contacting the ball-bearings in the test more than in their unconditioned baseline in Phase 2. That contact with the ball-bearings was higher in Group Long than Group Short could be attributed to direct response competition with nosing in the food-tray in the latter case. It may be worth noting, however, that the ballbearings passed within a few centimeters of the rat at the food-tray which gave subjects the opportunity to interact with the ball-bearing as it passed and direct behavior to the food-tray (which the rats did on many trials). This suggests that competition may be best viewed as occurring between two modes rather than simply between two responses.
The evidence most strongly indicating the conditioning of a general search mode controlled by the long CS is the increase in ball-bearing contact during the CS-ball-bearing test trials above the baseline of Phase 2. The use of the ball-bearing probe produced a reliable effect in both experiments, showing this result was not particular to one set of animals or parameters. A potential difficulty in interpreting these data is that during the test the ball-bearing contact was very nearly the same for the CS-ball-bearing test trials and the ball-bearing-alone trials. Under the careful assumptions of traditional learning theory, this suggests the possibility that the increase in ball-bearing contact is not controlled by the CS presentation at all, but by some other variable.
However, as we will discuss further in the next section, specifying an alternative critical variable is difficult. The determinant is not the presentation of food because none was presented during the Phase 3 test. It also is unlikely that the critical variable could be higher-order conditioning because the CS was presented before the ball-bearing. Furthermore, disinhibition produced by the ball-bearing presentations appears to be an unlikely influence because ball-bearings had been presented for 6 preceding sessions. Finally, the increase in ball-bearing contact is not caused by a general motivational effect produced by delivery of the CS or some other change from Phase 2 to Phase 3 because any general effect should have affected all responses, including nosing in the food-tray, a response that showed differential control by the CS -ball-bearing trials.
The simplest interpretation appears to be provided by the behavior systems assumption that the long CS differentially conditioned a general search mode supporting responses to moving cues (like the rolling ballbearing) potentially related to food. Traditional associative theory is based largely on what behavior systems would refer to as a focal search mode. When we venture outside this restricted repertoire, there is reasonable evidence that such general modes persist in time and affect responses to other stimuli for which they are relevant. Similar data from the insect literature have been interpreted as demonstrating the persistence of central excitatory states in the absence of the CS (Dethier, Solomon, & Turner, 1965; Tully, Zawistowski, & Hirsch, 1982) . For example, once a CS has produced conditioned proboscis extension in Drosophila, it is necessary to explicitly ''turn off'' the state by presenting water to prevent the state from persisting through several more trials (e.g., Vargo & Hirsch, 1982) .
Such a persistence of a motivational state potentially makes sense from an ecological analysis of the function of general and focal search states. Focal search should depend upon the receipt of a sequentially, temporally, and spatially reliable cue predicting the imminent delivery of food, otherwise the animal is wasting time and energy engaging in the intense and focused behavior that typically just precedes feeding. On the other hand, general search behavior should be designed to increase the probability of encountering better predictors of food or imminent food by its wide ranging and diffuse checking of locations and cues. Once aroused, a general search state must sustain an animal's behavior for some period of time in the absence of immediate reward or strong predictors of reward. Otherwise, the animal may starve in the absence of immediate food. Konorski (1967) made a similar argument in discussing the robustness of hunger CRs as opposed to food CRs when the US was presented irregularly. Moreover, other experiments have also demonstrated that responding facilitated by a long CS persists after CS offset. For example, Lovibond (1983) showed that the presentation of a long duration CS facilitated instrumental responding and that responding remained high after the offset of the CS.
Nonstate Based Explanations
Here we briefly review a variety of more traditional explanations for aspects of the present results. The simplest explanation for the greater nosing in the food-tray by Group Short than Group Long in Phase 1 and Phase 3 is that short CS-US intervals produce strong conditioning of the CS and nosing while long CS-US intervals produce little conditioning. The evidence for conditioning of nosing in the food-tray in Group Long appears too clear and consistent to entertain the explanation of no conditioning. Group Long showed acquisition and differential control of nosing in the food-tray in Phase 1 of both experiments. Further, Phase 3 of Experiment 2 also showed significant differential control of nosing by the CS.
The interpretation of weaker conditioning of nosing in the food-tray for Group Long is better supported. In both Phases 1 and 3, Group Long always showed less nosing in the food-tray than did Group Short. If these were all the data, we could interpret the present results as another study supporting the well-known inverse relation between CS-US interval and strength of conditioning. However, the increased interaction with the ball-bearing during Phase 3 when the long CS was presented creates difficulties for a simple conditioning view. These data indicate that the long CS was more than just a weaker conditioned stimulus. The long CS appeared to be a conditioned stimulus with respect to a general search mode, the evocation of which facilitated ball-bearing contact above the Phase 2 ball-bearing baseline.
However, other explanations need to be addressed before accepting the presence of a conditioned general search mode, especially one that supports different responses depending on the temporal characteristics of the CS and does not necessarily show differential responding on CS and non-CS test trials. One alternative to a general search mode is to attribute the increase in ball-bearing contact between baseline and test to an unstable ball-bearing baseline in Phase 2 produced by continuing habituation or desensitization to the frightening aspects of the ball-bearing. However, if this were the case, one would expect a systematic change in ball-bearing contact over the 6 days of Phase 2 baseline (72 total trials), an event that did not occur. The present data are statistically and visually free of days effects or trends. Further, considerable data (e.g., Timberlake et al., 1982) , showed a similar absence of a systematic change in unconditioned ball-bearing contact over more than 30 sessions.
Other explanations for Group Long's increase in ball-bearing contact and nondifferential contact of the ball-bearing in Phase 3 are ruled out by our procedures. Sensitization resulting from presentation of the US is eliminated by the absence of the US in Phases 2 and 3. The presence of second-order conditioning in Phase 3 is unlikely because the CS was presented before the ball-bearing rather than after. It is also difficult to argue that Group Long's increase in ball-bearing contact was due to the temporal expectation of food, because in Experiment 2 the ball-bearing probe was presented only 2 s after the onset of what had been either a 4 s or 16 s CS. If we concede the increase in ball-bearing contact supports the existence of a conditioned mode evoked by the CS, there remain questions of the extent to which this mode accounts for the difference between the ball-bearing contacts of Groups Long and Short. It might be argued that Group Long contacted more ball-bearings than Group Short in the test because of less competition from nosing in the food-tray (Boakes, 1977 (Boakes, , 1979 Schneiderman & Gormezano, 1964) . Although response competition with nosing in the food-tray may help account for the difference in ball-bearing contact between Groups Long and Short, it cannot explain why Group Long contacted more ball-bearings in Phase 3 test than in Phase 2 baseline. Nosing in the food-tray was similar for Group Long during the ball-bearing baseline and the test, yet ball-bearing contact was significantly higher during the test than during the baseline. Further, in Experiment 1 test trials, ball-bearing-alone trials produced much greater ball-bearing contact in Group Long than in Group Short, but the same amount of food-tray entry.
There are several more explanations for the present pattern of results. For example, a comparator account of associative learning might argue that during training, the experimental context gained greater relative strength for Group Long than for Group Short (Gibbon & Balsam, 1981; Miller & Schactman, 1985) . Then, with the added assumption that ball-bearing contact was more controlled by the context than nosing in the food-tray (cf. Domjan, 1994) , it might be predicted that Group Long would show higher levels of ball-bearing contact during both the CS-ball-bearing and ball-bearing-alone trials of the test compared to Group Short.
Some data, however, are inconsistent with this account. First, the assumption that ball-bearing contact was controlled more by the context than nosing in the food-tray is questionable. Given that 6 days of extinction during the Phase 2 ball-bearing baseline markedly reduced nosing in the food-tray, it is unclear how or why contextual control of ball-bearing contact should have been acquired or remained intact. Second, the assumption that the context differentially controlled ball-bearing contact is inconsistent with the result that Groups Long and Short showed the same level of ball-bearing contact during the ball-bearing baseline. If contextual control of ball-bearing contact occurred, and this control was stronger for Group Long than Group Short, its existence should have facilitated contact during the ball-bearing baseline for Group Long above that of Group Short.
Figures 2 and 5, however, show that ball-bearing contact did not differ between Groups Short and Long during baseline. In fact, Groups Long and Short showed no differences in either nosing in the food-tray and ballbearing contact during ball-bearing baseline, arguing that the contextual control was similar for both groups prior to the test.
Another potential explanation for the increase in ball-bearing contact by Group Long during the test stems from the concept of inhibition of delay (Pavlov, 1927) . According to this argument, the long CS (16 or 18 s) might be of sufficient duration that the first part of the stimulus became inhibitory after considerable training. Presentation of a novel ball-bearing stimulus during the early portion of the CS might produce disinhibition, thereby resulting in an increase in the existing CR (Pavlov, 1927) . There are, however, some difficulties with this interpretation. First, it is unlikely that the ball-bearing qualifies as a novel stimulus after 144 previous presentations during the course of the experiment. Second, according to the argument, the novel stimulus should result in an increase in the CR above the level established during training. This would seem to imply that Group Long should increase nosing in the food-tray rather than contacting the ball-bearing. This did not occur.
A final possible explanation of the results is related to the phenomenon of ''transfer-of-control'' (Trapold & Overmier, 1972) . In Phase 1 of transfer of control experiments, subjects are exposed to CS-US pairings. In Phase 2, they are trained to make an instrumental response. In Phase 3, while the subject is engaging in the instrumental response, the CS is presented and the effects on instrumental responding are measured. When the CS-US interval has been explicitly manipulated within a transfer design (Meltzer & Brahlek, 1970; Meltzer & Hamm, 1974) , suppression of responding occurs with a short CS-US interval, while facilitation of responding can occur with a very long CS-US interval (1 min or longer) when the baseline rate of responding has been lowered to almost zero, typically by imposing extinction (Estes, 1948; Meltzer & Hamm, 1974) .
The circumstances of the present study seem sufficiently different to question this explanation. Not only are the present experiments an appetitive task with a much shorter CS-US interval, but unconditioned baseline responding to the ball-bearing was robust (an average of 38% of trials). Further, it is questionable whether ball-bearing contact in the present experiment could be viewed as a conditioned instrumental response. No food was delivered when the ball-bearings were presented, and presentations of the CS preceded rather than followed presentation of the ball-bearings in the test, making it difficult to argue that ball-bearing contact might have been strengthened by either higher-order Pavlovian or operant conditioning procedures.
Conclusions
The primary goal of the present experiments was to explore how the CS-US interval determines the conditioning of general vs focal search modes and the form of the Pavlovian CR. A secondary purpose was to examine the efficacy of an unconditioned probe procedure in testing specifically for the presence of a general search mode. On the latter point, the unconditioned ball-bearing probe used in the present experiments appeared to be a viable procedure for investigating the presence of a general search mode. It showed a reliable increase in responding against a stable baseline, produced a similar effect across animals and circumstances, and has produced similar results in subsequent experiments.
In terms of conditioning search modes, the present results suggest that the short CS comes to control a more focal search mode, measured here by nosing in the food-tray. It could be argued that the results do not require positing a separate focal search mode, but can be accounted for simply by the strengthening of the CR of nosing in the food-tray. However, video of the animals revealed the multiple and varied focal responses expected from the conditioning of an underlying focal search mode, including nosing in the ball-bearing track on one side of the food-tray and along the hole for a lever and a lampassembly on the other side, as well as rearing and sniffing in front of the food-tray.
The present results also indicate that the long CS appeared to condition both general and focal search modes, with the general search mode apparently stronger. Conditioning of a focal search mode is supported by Group Long's higher level of nosing in the food-tray during the long CS in Phase 1 of both experiments and in Phase 3 CS-ball-bearing test trials in Experiment 2 compared to time periods when the CS was absent. Conditioning of a general search mode is supported most strongly by the increase in ball-bearing contact during the CS-ball-bearing test trials above the ball-bearing baseline. That a long duration CS controls both states might be expected because portions of it occur at both long and short CS-US intervals.
An important point is that the general search mode conditioned to the long CS appeared less stimulus bound than the focal search mode in that it persisted in the absence of specific conditioned cues to affect contact during ball-bearingalone trials. The lack of precise stimulus control of ball-bearing contact is inconsistent with the typical CS-limited effect of traditional Pavlovian procedures. However, it should be noted that nearly all traditional appetitive studies measure focal search behavior rather than a response indicating general search. When measures of general activity are taken, the effects of a CS can persist for a lengthy period. The present studies intentionally used an unconditioned probe stimulus apparently compatible with response related to general search, and the results supported the existence of a conditioned search mode, while major alternative explanations were not clearly supported.
Thus, the present experiments can be interpreted as providing preliminary information about the persistence of general search states. Given the importance of this issue for the associative tradition, subsequent experiments should be designed to provide additional information about differences in the tempo-ral characteristics between general and focal search modes. For example, the CS-ball-bearing and ball-bearing-alone trials could be presented on separate test days to reduce the opportunity for the general search mode evoked by the long CS to persist from CS-ball-bearing to ball-bearing-alone trials. Another alternative may be to use a discrimination procedure in which Groups Long and Short receive conditioning with a CS/ and CS0. Then during a subsequent test, ball-bearings are presented in compound with the CS/, CS0, and alone. In this case, the CS0 may serve to terminate the general search mode evoked by the long CS and prevent the mode from persisting through subsequent trials (Vargo & Hirsch, 1982) .
In summary, the present results are consistent with the behavior systems approach proposed by Timberlake and Lucas (1989; see also Domjan, 1994; Fanselow, 1994; Hogan, 1994; Timberlake, 1983 Timberlake, , 1994 . By relating behavior during Pavlovian conditioning to the rat's feeding system, the behavior systems view adds to previous state models (e.g., Konorski, 1967) by more precisely predicting the response form that occurs during different CS-US interval lengths. Furthermore, by considering the feeding ecology of the animal, it provides a possible explanation for why different responses predominate during different CS-US intervals.
